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[57] ABSTRACT 
An intake manifold arrangement for internal combus 
tion engines whereby the combustion chamber can be 
supercharged without the use of mechanical gears and 
/or pumps. A pressure chamber is mounted upon the 
combustion chamber and communicates with the com 
bustion chamber and an air and fuel mixture supply. A 
check valve for selectively allowing the mixture to 
enter the pressure chamber 'is provided between the air 
and fuel supply and the pressure chamber. An intake 
valve for providing selective communication between 
the pressure chamber and the combustion chamber is 
provided and controlled by the compression ratio con 
trol mechanism. The compression ratio control mecha 
nism includes an axially slidable cam having a lifting 
surface of greater duration axially at one end of the cam 
than the other end of the cam. The cam is selectively 
axially shifted by an accelerator pedal which controls a 
hydraulic piston coupled to the cam. The intake valve is 
opened during the intake stroke and the mixture is 
drawn into the combustion chamber. The pressure 
chamber is pressurized during the compression stroke 
while the intake valve is open and the compression ratio 
in the combustion chamber is selectively controlled by 
closing the intake valve at a point during the compres 
sion stroke by the selectively slidable cam. An exhaust 
boost or scavenging arrangement is provided whereby 
pressurized air is selectively forced into the combustion 
chamber. 

21 Claims, 7 Drawing Sheets 
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COMPRESSION RATIO CONTROL MECHANISM 
FOR INTERNAL COMBUSTION ENGINES 

BACKGROUND OF THE INVENTION 

This application is a continuation-in-part of applica 
tion Ser. No. 826,073, ?led Feb. 4, 1986. 

5 

This invention relates generally to four cycle internal ' 
combustion engines and, more particularly, to an intake 
manifold arrangement for supercharging the combus 
tion chamber without the use of gears, impellers and/or 
mechanical pumps. More speci?cally, the invention is 
directed to an intake manifold arrangement wherein the 
air and fuel supply ?rst travels through an adjustable 
check valve, a pressure chamber and then through the 
intake valve and into the combustion chamber. The 
intake valve is controlled so as to open during the intake 
stroke and selectively close at a point during the com 
pression stroke thereby selectively changing the com 
pression ratio in the combustion chamber while the 
engine is running. 

In the past, supercharging of a combustion chamber 
has been done by using various mechanical pumps to 
pressurize the air and fuel mixture prior to its entering 
the combustion chamber. This method of supercharg 
ing, however, must use a portion of the engine output 
power to drive the gears, impellers, and/or mechanical 
pumps. Accordingly, the overall ef?ciency of the super 
charged engine is decreased. A disadvantage to me 
chanical pump-type superchargers is that they are often 
mechanically complex and subject to failure. In the case 
of exhaust gas driven superchargers, oil tends to cake on 
the impeller bearings if not properly cooled down be 
fore shutting off the engine. 

Furthermore, in the past, preheating of the fuel and 
air mixture has been done externally of the combustion 
chamber where the temperatures for heating the fuel 
and air mixture are lower than the temperature of the 
combustion chamber wall and the immediate vicinity. 
Thus, the fuel and air mixture has not been heated and 
vaporized to the fullest extent possible whereby it can 
be burned in the most efficient manner. Accordingly, 
internal combustion engines have not been efficient due 
to inefficient burning of fuel. Many prior art fuel pre 
heaters require an external source of energy, such as 
battery powered electrical heating elements. 

In conventional engines, the spent fuel within the 
combustion chamber is exhausted by the pistons travel 
ing to top dead center during the exhaust stroke. In 
some cases, as shown in US. Pat. No. 3,046,961, resid 
ual exhaust gases have been removed from the combus 
tion chamber by a charge of fresh air being forced into 
the combustion chamber substantially at the top thereof 
at about the top dead center position of the‘ piston. As 
can be appreciated, this is not very ef?cient because the 
charge of air introduced at the top of the cylinder near 
top dead center does not necessarily cause exhaust gases 
near the piston, during the beginning of the exhaust 
stroke, to exit through the exhaust valve. 

Further yet, conventional engine utilize accelerator 
pumps whereby gas is squirted into the carburetor to 
enhance acceleration. This tends to be wasteful in that 
the squirted gas provides a very rich fuel/air mixture 
and an improper burn thereof occurs. Also, when 
idling, conventional engines tend to run inef?ciently 
and rough because closing the throttle chokes down the 
supply of air through the carburetor. 
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SUMMARY OF THE INVENTION 

It is the principal object of the invention to overcome 
the above-discussed disadvantages associated with ear 
lier internal combustion engines utilizing supercharging 
devices and air scavenging methods for removing resid 
ual exhaust gases from within the combustion chamber. 
Further, it is an object of the invention, in one form 
thereof, to control the acceleration and speed of the 
engine by controlling the compression ratio of the com 
bustion chamber and eliminating the need for an accel 
erator pump. It is a further object of the present inven 
tion to provide a constant fuel/air mixture, decreasing 
only the compression ratio when power is not needed 
and when the engine is idling, and increasing the com 
pression ratio during acceleration and when power is 
needed and the engine is running at high speeds, thereby 
increasing the overall efficiency of the engine through 
out its operation. It is also an object of this invention to 
provide a structure whereby the above objects can be 
accomplished in an economical manner. 
The objects of the invention are obtained, in a pre 

ferred form of the invention, by providing a pressure 
chamber mounted directly upon the combustion cham 
ber and communicating with the combustion chamber 
and the air and fuel supply. At the connection between 
the air and fuel supply and the pressure chamber, there 
is provided an adjustable check valve for selectively 
allowing the air-fuel mixture to enter the pressure 
chamber. At the port between the pressure chamber 
and the combustion chamber, there is provided a con 
ventional intake valve for-allowing the mixture within 
the pressure chamber to enter the combustion chamber 
and thereafter reenter the pressure chamber. The intake 
valve is controlled such that is opens at the start of the 
intake stroke and closes at substantially halfway be 
tween top dead center and bottom dead center during 
the compression stroke. The check valve admits fuel 
and air mixture to the pressure chamber only during the 
portion of the intake stroke when a vacuum is present. 
The objects of the invention are further obtained by 

providing an air port on the side of the cylinder wall 
leading into the combustion chamber substantially 
halfway between the top dead center and bottom dead 
center piston positions. The air port communicates with 
a pressurized air supply via an on/off air valve. The air 
valve is controlled so that it opens and forces air to ?ow 
through the port into the combustion chamber starting 
at the beginning of the exhaust stroke and until the 
piston is near the air port. 
The objects of the present invention, in one form 

thereof, are also obtained by providing a compression 
ratio control mechanism for selectively controlling the 
compression ratio in the combustion chamber by selec 
tively varying the point of when the intake valve is 
closed. The opening and closing of the intake valve is 
controlled by an axially slidable camshaft and cam com 
bination wherein the cam has a lifting surface which 
increases in duration axially from one end of the cam to 
the other. The lifting surface starts at substantially the 
same point in time as the cam rotates with the camshaft. 
The camshaft and cam are selectively moved axially 
through the use of a hydraulic piston and cylinder as 
sembly which is controlled by a variable resistance 
valve coupled to the accelerator pedal. A spring is pro 
vided for transmitting the force of the pedal to the valve 
and a dashpot is also provided for creating a time delay 
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between the movement of the accelerator pedal and the 
opening of the valve. 
The invention, in one form thereof, is an internal 

combustion engine including a combustion chamber 
having a piston disposed therein. A pressure chamber is 
provided and a ?rst valve provides selectively commu 
nication between the pressure chamber and the combus 
tion chamber. A second valve provides selective com 
munication between the pressure chamber and a fuel 
and air mixture supply. The compression ratio in the 
combustion chamber is controlled by opening the ?rst 
valve during the intake stroke of the piston and selec 
tively closing the ?rst valve during the compression 
stroke of the piston. The pressure chamber is pressur 
ized during the compression stroke of the piston while 
the ?rst valve is open. The compression ratio in the 
combustion chamber is selectively controlled by caus 
ing the ?rst valve to selectively close at a point during 
the compression stroke. 
The invention, in one form thereof, is provided in a 

four-cycle internal combustion engine having a com 
bustion cylinder de?ning a combustion chamber having 
a piston disposed therein. A pressure chamber is con 
nected to the combustion chamber and to a fuel and air 
mixture intake passage. A check valve is located be 
tween the pressure chamber and the intake passage for 
allowing the mixture to ?ow only towards the pressure 
chamber and an intake valve is located between the 

.1,“ pressure chamber and the combustion chamber. A com 
Ij, pression ratio control mechanism is provided including 
if," an axially slidable camshaft mounted to the engine and 

adapted for rotational movement. The camshaft is 
“.'..driven in timed relation by the engine and a cam is 

connected to the camshaft rotating and sliding there 
with. The cam has a lifting surface of substantially lin 

.. :early increasing duration axially from one end of the 
.....cam to the other end of the cam and the lifting surface 

.35.: starts at substantially the same point in time as the cam 
5.. :rotates with the camshaft. A cam follower mechanism 
.Qtslidingly rests on the cam and is coupled to the intake 
.....;.valve whereby the intake valve is opened by the lifting 

surface. The camshaft and cam are selectively axially 
shifted and the intake valve is opened during the intake 
stroke of the piston and selectively closed at a point 
during the‘ compression stroke of the piston depending 
on the axial position of the cam. The pressure chamber 
is pressurized during the compression stroke after the 
bottom dead center piston position and before the clos 
ing of the intake valve and the compression ratio in the 
combustion chamber is controlled by the point of clos 
ing the intake valve by axially shifting the cam. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned and other features and objects 
of this invention and the manner of obtaining them will 
become more apparent and the invention itself will be 
better understood by reference to the following descrip 
tion of an embodiment of the invention taken in con 
junction with the accompanying drawings wherein: 

FIG. 1 is a cross-sectional elevational view of a pre 
ferred embodiment of the engine according to the pres 
ent invention; 
FIG. 2 is an enlarged fragmentary cross-sectional 

view of the intake manifold arrangement shown in FIG. 
1; 
FIG. 3a is a diagrammatic partial cross-sectional 

view of the engine of FIG. 1 showing the pistons 10 
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4 
cated in a top dead center position prior to the exhaust 
valve closing; 
FIG. 3b is a diagrammatic partial cross-sectional 

view of the engine of FIG. 1 showing the pistons at 
bottom dead center after the compression stroke and 
showing the intake valve in an open position; 
FIG. 30 is a diagrammatic partial cross-sectional view 

of the engine of ‘FIG. 1 showing the pistons substan 
tially halfway between bottom and top dead center 
positions just prior to the closing of the intake valve; 
FIG. 3d is a diagrammatic partial cross-sectional 

view of the engine of FIG. 1 showing the pistons in a 
top dead center position prior to the power stroke; 
FIG. Se is a diagrammatic partial cross-sectional view 

of the engine of FIG. 1 showing the pistons in a bottom 
dead center position just prior to the exhaust stroke and 
showing the exhaust valve and fresh air valve in open 
positions; 
FIG. 4 is a graphical representation showing the 

position of the intake valve, check valve, exhaust valve 
and fresh air valve along with the state of the pressures 
within the pressure chamber and the combustion cham 
ber during a starting cycle and a running cycle; 
FIG. 5 is a diagrammatic cross-sectional view of the 

compression ratio control mechanism of the engine 
shown in FIG. 1; 
FIG. 6 is a perspective view of the cam shown in the 

compression ratio control mechanism of FIG. 5; 
FIG. 7 is a front elevational view of the cam shown in 

the compression ratio control mechanism of FIG. 5; 
FIG. 8 is a cross-sectional view of the cam shown in 

FIG. 7 taken along line 8-8; 
FIG. 9 is a cross-sectional view of the cam shown in 

FIG. 7 taken along line 9-9; and 
FIG. 10 is a second embodiment of the cam control 

mechanism which is part of the compression ratio con 
trol mechanism shown in FIG. 5. 

Corresponding reference characters indicate corre 
sponding parts throughout the several views of the 
drawings. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 1, there is generally shown a dou 
ble opposing piston internal combustion engine 10 ac 
cording to a preferred embodiment of the invention. 
Engine 10 has a combustion chamber 16 in which there 
is located power piston 12 and power piston 14. Power 
pistons 12 and 14 have a piston ring 18 connected 
thereto in a known and customary manner. Power pis 
ton 14 is connected to connecting rod 23 via piston pin 
21. Connecting rod 23 is, in turn, connected to side 
crankshaft 26. Crankshaft 26 is coupled with side gear 
28 and is adapted to rotate clockwise as shown by arrow 
A. Power piston 12 is connected to connecting rod 22 
via piston pin 20. Connecting rod 22, in turn, is con 
nected to side crankshaft 24. Crankshaft 24 is coupled 
with side gear 30 which is adapted to turn in a clock 
wise direction as shown by arrow B. Side gear 30 is 
coupled with and drives intermediate gear 32 which, in 
turn, is coupled with and drives power gear 36. On the 
right hand side thereof, side gear 28 is coupled with and 
drives intermediate gear 34 which, in turn, is coupled 
with and drives power gear 36. Power gear 36 is coaxi 
ally coupled with power shaft 38 which may be con 
nected to a work load. Pistons 12 and 14, side gears 28 
and 30, intermediate gears 32 and 34, and power gear 36 
are all located within engine housing 40. Within engine 
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housing 40 there is provided lubricating oil in a known 
manner for lubricating the pistons and gears and any 
other moving parts located therein. 
Engine 10 utilizes a manifold arrangement generally 

indicated by 42. As shown in FIGS. 1 and 3a~3e, mani 
fold arrangement 42 is made up of an intake arrange 
ment generally indicated by 44 and an exhaust arrange 
ment generally indicated by 46. Exhaust manifold ar 
rangement 46 has an exhaust chamber 50 comprising 
chamber walls 52. Exhaust chamber 50 communicates 
with combustion chamber 16 via frusto-conical bore 48 
located within combustion chamber wall 17 and 
through exhaust chamber valve port 54 located within 
exhaust chamber wall 52. Exhaust chamberv 50 also 
communicates with exhaust pipe 58 via exhaust port 56 
located within exhaust chamber wall 52. During the 
exhaust stroke, exhaust gases travel from within com 
bustion chamber 16 to exhaust chamber 50 and then 
through exhaust pipe 58 into the atmosphere as indi 
cated by arrow Y. 

Exhaust gases within combustion chamber 16 are 
selectively allowed to enter exhaust chamber 50 by 
selectively pushing exhaust valve seating portion 62 off 
of and out of contact of exhaust valve seat 64 located 
within exhaust chamber wall 52. Exhaust valve seating 
portion 62 is selectively pushed off of valve seat 64 by a 
cam coupled with power shaft 38 (not shown) and with 
rocker arm 66 which is forced to selectively push valve 
stem 68 downwardly and against the force provided by 
spring 70. The mechanical valve components below 
rocker arm 66 are identical to the mechanical valve 
components utilized with intake manifold arrangement 
44 and thus will be discussed hereinbelow with respect 
to intake manifold arrangement 44. The selective open 
ing of the exhaust valve with respect to the locations of 
power pistons 12 and 14 will also be discussed below. 
To assist the quick and efficient clearing of exhaust 

gases within combustion chamber 16, after the power 
stroke, an exhaust boost or scavenging arrangement is 
provided as shown in FIGS. 1 and 3a-3e. More specifi 
cally, air holes 72 and 74 are provided on the side of 
combustion chamber 16 substantially halfway between 
top dead center and bottom dead center positions of 
power pistons 12 and 14. Air holes 72 and 74 communi~ 
cate with air lines 76 which “T” into air line 78. Air line 
78 is connected to schematically shown on/off air valve 
80 which communicates with pressure vessel 82 having 
therein pressurized air 84. Air valve 80 is coupled with 
a camming arrangement which is coupled with power 
shaft 38 (not shown) so as to selectively open and close 
air valve 80 with respect to the position of power pis 
tons l2 and 14. Air valve 80, in FIG. 1, is shown in the 
closed position wherein pressurized air 84 within vessel 
82 is prohibited from traveling via air lines 78 and 76 to 
within combustion chamber 16. In FIG. 3e, air valve 80 
is shown in the open position whereat pressurized air 84 
within vessel 82 is allowed to travel through lines 78 
and 76 through air holes 72 and 74 thereby assisting 
exhaust gases within combustion chamber 16 to ?ow 
out therefrom through exhaust chamber 50 and exhaust 
pipe 58. 

Referring now to FIGS. 1 and 2, there is an intake 
.manifold arrangement 44 wherein intake pressure 
chamber 86 communicates with intake air and fuel sup 
ply line 88 via intake chamber bore 90 located within 
intake chamber wall 92. Air and fuel supply line 88 is 
provided with adjustable check valve 94 which allows 
the air and fuel mixture to ?ow only in the direction of 
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6 
the arrows indicated by Z. Adjustable check valve 94 
allows the air/fuel mixture to ?ow therethrough only 
when a vacuum is present within intake pressure cham 
ber 86. Check valve 94 is adjustable so that is will open 
only upon the occurrence of a preset vacuum within 
intake pressure chamber 86. 

Intake pressure chamber 86 also communicates with 
combustion chamber 16 via valve bore 98 located 
within chamber wall 92 and through frusto-conical bore 
96 located within combustion chamber wall 17. Be 
tween frusto-conical bore 96 and valve bore 98, there is 
provided a valve seat 100 which communicates with 
valve seating portion 102 located annularly around 
valve conical portion 104 whereby a seal is provided 
between intake pressure chamber 86 and combustion 
chamber 16. Intake valve conical portion 104 is integral 
with intake valve stem 106 which extends upwardly 
through coaxially aligned intake chamber bore 108, 
mounting ring bore 100, cylindrical ring bore 112 and 
spring 114. '~ 

Intake chamber. bore 108, mounting ring bore 110 and 
guiding ring bore 112 are located within intake pressure 
chamber wall 92, mounting bracket 120 and guiding 
ring 122 respectively. Intake chamber bore 108, mount 
ing bracket bore 110 and guiding ring bore 112 have a 
plurality of intake valve relief holes 124 which commu 
nicate with each other and are provided to equalize the 
pressure between intake pressure chamber 86 and the 
interior of intake valve piston 118. 
Mounting ring 120 is mounted upon intake pressure 

chamber 86 by welding or other suitable means. Mount 
ing ring 120, further, has an annular portion 126 which 
extends upwardly from mounting ring 120. Annular 
portion 126 has inserted and sealingly mounted therein 
stationary cylinder 130 which is coaxial with valve stem 
106 and extends upwardly from mounting ring 120. 

Intake valve stem 106 is received within retaining 
ring coaxial bore 158 located coaxially within retaining 
ring 156. Retaining ring 156 has radial pin bore 160 at 
the ends of which there are located countersunk bores 
162. A retaining pin 161 is inserted within radial pin 
bore 160 and through radial valve stem bore 164 
thereby connecting retaining ring 156 to the end portion 
of valve stem 106. The length of retaining pin 161 is 
shorter than the diameter of retaining ring 156. Spring 
114 pushes against retaining ring 156 forcing valve 106 
upwardly and thereby also forcing valve seating por 
tion 102 sealingly against valve seat 100. 

Intake valve piston 118 is located coaxially within 
stationary cylinder 130 and has its cylindrical outer 
surface 132 facing the cylindrical inner surface 134 of 
stationary cylinder 130. Retaining ring 156 is received 
within valve piston 118 and is in contact with the inside 
?at portion 116 of intake valve piston 118. Intake valve 
piston 118 has on its cylindrical outer surface 132 annu 
lar grooves 136 in which are received valve piston rings 
138. Valve piston rings 138 are lubricated in a known 
manner and provide a sliding seal so as to prevent the 
air/ fuel mixture within intake pressure chamber 86 from 
escaping from the interior of valve piston 118. Intake 
valve piston 118 further has an outside circular ?at 
portion 140 upon which there is slidingly located ball 
bearing 142 which is mounted within a socket 141 is 
intake valve rocker arm 144. Bearing 142 is provided to 
allow for the horizontal movement of rocker arm 144 
with respect to intake valve piston 118 as rocker arm 
144 pivots around its pivot point, (not shown). Rocker 
arm 144 is selectively caused to push downwardly by a 
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control means such as a push rod and cam coupled to 
power shaft 38 in a conventional manner. Thus, com 
munication between pressure chamber 86 and cylinder 
16 is selectively caused to occur depending on the loca 
tion of power pistons 12 and 14 while also preventing 
the escape of air and fuel mixture from within pressure 
chamber 86 into the atmosphere. The opening and clos 
ing of the intake valve with respect to the location of 
power pistons 12 and 14 will be described hereinbelow. 

Pressure chamber 86 further has relief opening bore 
146 within intake pressure chamber wall 92 for commu 
nication with safety relief valve 148 via relief line 147. 
Safety relief valve 148 can be selectively preset by ad 
justing the force exerted by spring 150 to opening gate 
152 so as to allow for the opening of gate 152 whenever 
a preset pressure is reached within intake pressure 
chamber 86. Fuel and air mixture caused to travel 
through relief valve 148 may be routed through relief 
line 154 to either the atmosphere or back through the 
intake air and fuel supply line or both. 

Referring now to FIGS. 3a-3e and FIG. 4, the opera 
tion of internal combustion engine 10 is described by 
going through one full cycle made up of an intake, 
compression, power and an exhaust stroke. One full 
cycle is described herein in degrees and, further, as 
shown in FIG. 4, 0-720° represents one full cycle. 
As shown in FIG. 4, prior to starting engine 10, it is 

assumed that combustion chamber 16 and intake pres 
_ sure chamber 86 are at atmospheric pressure. Zero de 
grees top dead center position is shown in FIG. 3a and 

TFIG. 4 just prior to the exhaust valve closing. Accord 
ingly, immediately after 0°, the exhaust valve is closed 

llj and the intake valve opens. Power pistons 12 and 14 
_ travel away from each other thereby creating a vacuum 
from 0°-180°. The vacuum during this period causes 
check valve 94 to open and allow air and fuel mixture to 
enter pressure chamber 86 and combustion chamber 16. 
Prior to reaching bottom dead center at 180°, as shown 

"Tin FIG. 3b, the intake valve is open and air and fuel 
‘I mixture is allowed to enter pressure chamber 86 and 
combustion chamber 16. After 180°, power pistons 12 

. and 14 travel toward each other thereby causing pres 
’ surization of the mixture within combustion chamber 16 
and pressure chamber 86 thereby also causing check 
valve 94 'to close. From 180° to approximately 270°, the 
intake valve remains open while check valve 94 remains 
closed and, thus, a portion of the fuel and air mixture 
travels from combustion chamber 16 back into pressure 
chamber 86. At approximately 270°, the intake valve is 
closed thereby leaving the air and fuel mixture within 
pressure chamber 86 in a pressurized state. Power pis 
tons 12 and 14 thereafter continue to travel to top dead 
center or 360° (FIG. 3d) whereat the fuel and air mix 
ture compressed therein is ignited by a sparkplug (not 
shown) causing the pistons to travel backwards to bot 
tom dead center or 540°. 

It should be noted that in the preferred embodiment, 
as shown in FIGS. 5-10, the point at which the intake 
valve is closed is controlled by the compression ratio 
control mechanism. Through the compression ratio 
control mechanism, both the pressurization of pressure 
chamber 86 and the compression ratio in combustion 
chamber 16 are selectively controlled. 
At 540° or bottom dead center, the exhaust valve and 

fresh air valve 80 are opened, as shown in FIG. 3e, 
thereby clearing the spent fuel out of combustion cham 
ber 16 through exhaust chamber 50 and exhaust pipe 58. 
From 540° to approximately 630°, air valve 80 remains 
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8 
open forcing air within combustion chamber 16 and the 
exhaust gases therein are assisted in moving out of com 
bustion chamber 16 while fresh air is provided within 
combustion chamber 16 so as to help combustion during 
the next cycle. At approximately 630°, air valve 80 is 
caused to be closed and thereafter power pistons 12 and 
14 travel to top dead center or 720° so as to push out any 
remaining exhaust gases within combustion chamber 16. 
At this point, the 0°—720° cycle is repeated, however, as 
shown in FIG. 4, the running combustion chamber and 
pressure chamber pressures cycle differently. 
More speci?cally, as shown in FIG. 4, after engine 10 

has started, pressure chamber 86 will already be in a 
pressurized state at 0° top dead center. Accordingly, as 
soon as power pistons 12 and 14 start to move away 
from each other during the intake stroke after 0°, the 
intake valve will open and cause the previously pressur 
ized fuel and air mixture within pressure chamber 86 to 
travel into and supercharge combustion chamber 16. 
During the intake stroke, substantially between top 
dead center and bottom dead center, or 90", a vacuum 
will again be present in chamber 86 due to the move 
ment of power pistons 12 and 14 away from each other. 
At that point, check valve 94 will again open and allow 
air and fuel mixture to flow therethrough. During this 
running cycle, however, check valve 94 is open only 
from approximately 90° to 180' or to the point of power 
pistons 12 and 14 reaching bottom dead center. Thereaf 
ter, from 180°-270°, power pistons 12 and 14 will again 
cause pressure chamber 86 to become pressurized, and 
at approximately 270° the intake valve will close and 
power pistons 12 and 14 will continue to top dead cen 
ter for the next power stroke. The power stroke and 
exhaust stroke is then repeated as was done in the start 
ing cycle between 360° and 720°. 
As can be appreciated, the intake manifold arrange 

ment described above provides a means for supercharg 
ing combustion chamber 16 without the use of separate 
moving gears, impellers or a mechanical pump. Accord 
ingly, the power output and the efficiency of engine 10 
are both increased. Furthermore, after engine 10 is 
warmed up, the air and fuel mixture traveling to within 
combustion chamber 16 and then back into pressure 
chamber 86 is caused to be heated by combustion cham 
ber wall 17 and pressure chamber walls 92 thereby 
causing the fuel to be better vaporized and burn more 
efficiently and to, further, increase ef?ciency. By ad 
justing check valve 94, the point of when air and fuel 
mixture is allowed to travel to within pressure chamber 
86 can be controlled and thus the amount of fuel utilized 
by engine 10 can also be controlled. The size of pressure 
chamber 86 can be increased or decreased so as to pro 
vide a higher or lower pressurized supercharge, respec 
tively. 

Annular portion 126 and stationary cylinder 130 may 
be provided integrally with pressure chamber walls 92. 
Furthermore, pressure chamber walls 92 can be pro 
vided integrally with combustion chamber wall 17 
whereby better heat transfer is provided between com 
bustion chamber wall 17 and pressure chamber walls 92 
and thereby also causing better vaporization of the air 
and fuel mixture. 

Retaining ring 156 may be connected to the end por 
tion of valve stem 106 by permanent welding. In the 
alternative, retaining ring 156 can be eliminated and a 
bolt can be inserted through valve piston flat portion 
140 and threadably received within a threaded hole 
located axially within valve stem 106. In this embodi 
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ment, spring 114 would push directly against valve 
piston inside ?at portion 116. 

Referring now to FIGS. 5-10, the compression ratio 
control mechanism will be described. More speci?cally, 
as shown in FIG. 5, push rod 200 is pivotally connected 
to rocker arm 144. Rocker arm 144 is also pivotally 
connected to pivot point member 206, which is 
mounted to a rigid structure such as the engine block. 
Accordingly, the axial movement of push rod 200 
causes the intake valve to open and close. 
Push rod 200 is adapted for axial movement through 

engine structure 204 and has, at the other end of the 
pivotal connection to rocker arm 144, a roller 208 being 
connected to rod 200. Roller 208 is rotatably held in 
position by pin 210 and is urged against cam 212 by the 
force of spring 114. Cam 212 is connected to camshaft 
216 which is adapted for axial movement as indicated 
by arrows X and Y and rotational movement as indi 
cated by arrow Z. Camshaft 216 is rotationally driven 
by engine 10 in a known and customary manner (not 
shown). 
As more clearly shown in FIGS. 6-9, cam 212 has a 

lifting surface 214 and a cam surface 218. Thus, as cam 
212 rotates with camshaft 216, roller 208 and push rod 
200 are lifted up and down by lifting surface 214. The 
duration for which lift is provided by lifting surface 214 
depends on the axial position of cam 212 relative to 
roller 208. As shown in FIGS. 6 and 7, the duration of 
lift axially at one end of cam 212, as cam 212 rotates, is 
greater than the duration of lift at the other end of cam 
212. Further, the duration of lift from one end of cam 
212 to the other end of cam 212 increases substantially 
in a linear fashion, although a non-linear cam can be 
used. Further yet, because cam 212 rotates in the direc 
tion shown by arrow Z, the point in time of when lifting 
of roller 208 begins remains the same regardless of the 
axial position of cam 212. However, the point in time of 
when the lifting of roller 208 ceases and the closing of 
the intake valve occurs, changes by the axial position of 
cam 212 relative to roller 208. 
An axial shifting mechanism is provided coupled to 

camshaft 216 and cam 212 so as to selectively axially 
shift cam 212, thereby selectively increasing and de 
creasing the duration of lift and the opening of the in 
take valve. To this end, camshaft 216 is coupled to rod 
220 which is connected to hydraulic piston 222 through 
the use of coupling 228. Coupling 228 includes race 232 
which is connected to camshaft 216 and has annular 
recesses 233. Cage 234 is connected to rod 220 and also 
has circular recesses 235 opposite recesses 233 of race 
232. Ball bearings 230 are provided between recesses 
233 and 235, thus, allowing camshaft 216 and race 232 
to rotate about their axes independent of and without 
causing rod 220 and piston 222 to rotate therewith. Rod 
220 and camshaft 216 are, however, coupled axially so 
that the axial movement of rod 220 also causes the axial 
movement of camshaft 216. 

Piston 222 and rod 220 are caused to move axially by 
providing pressure in hydraulic pressure chamber 236 
and by spring 226. The hydraulic pressure in chamber 
236 is controlled through the use of a valve means, such 
as a throttle valve 238, connected between the hydrau 
lic pressure supply or pump 237 and chamber 236. More 
speci?cally, hydraulic pressure is provided in chamber 
236 by opening valve 238, overcoming the force of 
spring 226, and causing camshaft and cam 212 to slide 
axially in the direction indicated by arrow X. Alterna 
tively, by decreasing the pressure within chamber 236, 
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10 
the force of spring 226 overcomes the hydraulic force 
and causes camshaft 216 and cam 212 to slide axially in 
the direction indicated by arrow Y. It should be noted 
that hydraulic ?uid leaving chamber 236 temporarily 
accumulates in accumulator 251, which is connected 
between chamber 236 and hydraulic pump. 
The opening and closing of valve 238 is controlled by 

depressing accelerator control pedal 252, which is piv 
otally connected to a rigid structure 254, such as an 
automobile body. Accelerator pedals 252 is also pivot 
ally connected to rod 256 adapted to provide a force 
against accelerator spring 250 as accelerator pedal 252 is 
depressed. In the embodiment shown in FIG. 5, a dash 
pot 240 is connected between spring 250 and valve 238 
for providing a time delay between the movement of 
accelerator pedal 252 and the opening of valve 238. 
Dashpot 240 includes piston 244 having holes 248 
therein for allowing a ?uid 242, such as oil, to travel 
therethrough. Dashpot spring 246 is provided for 
urging piston 244 upwardly and for closing valve 238. 
Dashpot rods 258 and 259 are connected to piston 244 
and transmit the forces of springs 250 and 246 respec 
tively. Further, rod 259 is mechanically connected to 
valve 238 for opening and closing the same. 

In operation, when accelerator pedal 252 is de 
pressed, a downwardly force is transmitted to spring 
250. When the downwardly force is greater than the 
force provided by spring 246, piston 244 and rods 258 
and 259 begin to travel downwardly thereby opening 
valve 238. Dashpot 240 prevents valve 238 from imme 
diately opening and causing a sudden shift in camshaft 
216 by providing a time delay. When pedal 252 is no 
longer depressed, such as when decelerating or when 
idling, spring 246 urges piston 244 and pedal 252 back in 
their original idling position. 

In an alternative embodiment shown in FIG. 10, 
dashpot 240 is eliminated and only a return spring 260 is 
provided for urging pedal 252 back into a non 
accelerating idle position. More specifically, spring 250 
transmits the force provided by pedal 252 to spring 260 
via member 262. When the force provided by spring 250 
is greater than that of spring 260, member 262 and rod 
263 connected to valve 238 move downwardly and 
valve 238 is opened. When pedal 252 is no longer de 
pressed, spring 260 urges pedal 252 back into its original 
idling position. Rather than being connected to acceler 
ator pedal 252, the control mechanism for cam 212 
could be connected at any point in the throttle linkage 
for the engine, such as on the carburetor throttle rod 
(not shown). 
A distributor advance mechanism 264 is also pro 

vided including a distributor 266 coupled to rod 220 by 
distributor advance member 266. In this fashion, distrib 
utor advance mechanism 264 provides for the advance 
or retard of the distributor timing without the need for 
a vacuum. 

In operation, the compression ratio control mecha 
nism controls the duration which the intake valve is 
open in response to the depression of pedal 252. When 
pedal 252 is not depressed and engine 10 is idling, cam 
212 is axially in the position shown in FIG. 5 whereat 
the duration of which the intake valve is open is the 
longest. In this position, the intake valve remains open 
during most of the compression stroke thereby causing ' 
most of the air/fuel mixture which had previously en 
tered the combustion chamber to exit the combustion 
chamber and reenter pressure chamber 86. Thus, the 
compression ratio remaining in the combustion cham 
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her is relatively low e.g., 6:1, and engine 10 remains 
idling with relatively little power. - 
When pedal 252 is depressed, cam 212 is caused to 

axially move in the direction indicated by arrow X, 
thereby decreasing the duration of which the intake 
valve remains open during the compression stroke. 
Thus, when pedal 252 is depressed, less of the fuel and 
air mixture returns into pressure chamber 86 and, in 
fact, most of the fuel and air mixture remains in combus 
tion chamber 16. The compression ratio at the end of 
the compression stroke becomes relatively high e.g., 
12:1, thereby increasing the speed and power of engine 
10. 

It should be noted that the fuel and air mixture re 
mains substantially constant whether a low or high 
compression ratio is being utilized, because check valve 
94 allows fuel and air to enter pressure chamber 86 only 
when needed. Further, engine 10 operates more ef? 
ciently at all speeds and runs smoother when idling 
because carburetion choking is substantially eliminated. 
While the invention has been described as having a 

speci?c embodiment, it will be understood that it is 
capable of further modi?cation. This application is 
therefore intended to cover any variations, uses or ad 
aptations of the invention following the general princi 
ples thereof and including such departures from the 
present disclosure as come within known or customary 
practice in the art to which this invention pertains and 

.. fall within the limits of the appended claims. 
What is claimed is: 
1. An internal combustion engine comprising: 
-a combustion chamber, said chamber having a pair of 

pistons disposed therein; 
a presssure chamber; 
?rst valve means for providing selective communica 

tion between said pressure chamber and said com 
bustion chamber; 

second valve means for providing selective commu 
nication between said pressure chamber and a fuel 
and air mixture supply; and 

compression ratio control means connected to said 
?rst valve means for opening said ?rst valve means 
during the intake stroke of said piston and closing 
said ?rst valve means at selected points during the 
compression stroke of said piston and retaining said 
?rst valve means closed until the subsequent intake 
stroke, whereby the compression ratio of said en 
gine is variably controlled as a funciton of the point 
in the compression stroke at which the ?rst valve 
means is closed. - 

2. The internal combustion engine of claim 1 wherein 
said second valve means comprises a check valve for 
causing said mixture to flow only into said pressure 
chamber. 

3. The internal combustion engine of claim 1 wherein 
said compression ratio control means includes: 
an axially slidable camshaft mounted to said engine 
and adapted for rotational movement, said cam 
shaft driven in timed relation by the engine; 

a cam connected to said camshaft rotating and axially 
sliding therewith, said cam having a lifting surface 
of greater duration axially at one end of said cam, 
said lifting surface starting at substantially the same 
point in time axially from one end of said cam to 
the other end of said cam as said cam rotates; 

a cam follower mechanism engaging said cam; 
said ?rst valve means connected to said cam follower 

mechanism; and 
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12 
axial shifting means for selectively axially shifting 

said cam whereby said ?rst valve means is caused 
to open by said lifting surface lifting said follower 
mechanism, said follower mechanism being lifted 
for different durations as said cam is shifted axially 
by said shifting means. 

4. The internal combustion engine of claim 3 wherein 
said lifting surface duration increases substantially lin 
early axially from one end of said cam to the other. 

5. The internal combustion engine of claim 3 wherein 
said cam follower mechanism includes a roller resting 
on said cam and a push rod adapted for axial motion 
substantially perpendicular to said cam and pivotally 
connected to said roller and a rocker arm connected to 
said ?rst valve means. 

6. An internal combustion engine comprising: 
a combustion chamber having a piston disposed 

therein; 
a pressure chamber; 
?rst valve means for providing selective communica 

tion between said pressure chamber and said com 
bustion chamber; 

second valve means for providing selective commu 
nication between said pressure chamber and a fuel 
and air mixture supply; and 

compression ratio control means connected to said 
?rst valve means for opening said first valve means 
during the intake stroke of said piston and closing 
said ?rst valve means at selected points during the 
compression stroke of said piston and retaining said 
?rst valve means closed until the subsequent intake 
stroke, whereby the compression ratio of said en 
gine is variably controlled as a function of the point 
in the compression stroke at which the first valve 
means is closed; 

wherein said compression ratio control means in 
cludes: 

an axially slidable camshaft mounted to said engine 
and adapted for rotational movement, said cam 
shaft driven in time relation by the engine; 

a cam connected to said camshaft rotating and axially 
sliding therewith, said cam having a lifting surface 
of greater duration axially at one end of said cam, 
said lifting surface starting at substantially the same 
point in time axially from one end of said cam to 
the other end of said cam as said cam rotates; 

a cam follower mechanism engaging said cam; 
said ?rst valve means connected to said cam follower 
mechanism; and 

axial shifting means for selectively axially shifting 
said cam whereby said ?rst valve means is caused 
to open by said lifting surface lifting said follower 
mechanism, said follower mechanism being lifted 
for different durations as said cam is shifted axially 
by said shifting means; 

wherein said axial shifting means includes: 
a hydraulic piston and cylinder assembly connected 

to said camshaft for causing axial motion of said 
camshaft, said hydraulic piston and cylinder assem 
bly actuated by a hydraulic pressure supply; and 

hydraulic valve means connected between said hy 
draulic pressure supply and said hydraulic piston 
and cylinder assembly for controlling the hydraulic 
pressure in said hydraulic piston and cylinder as 
sembly and controlling the axial position of said 
cam, said hydraulic valve means connected to and 
selectively controlled by a throttle linkage mecha 
nism of said engine. 



comprising a dashpot connected between said accelera 
tor spring and said hdyraulic valve means whereby a 
time delay is provided between the movement of said 
accelerator pedal and the opening of said hdyraulic 
valve means. 

. 10. In a four cycle internal combustion engine having 
a combustion cylinder de?ning a combustion chamber 
with a piston disposed therein; a pressure chamber con 
nected to said combustion chamber and to a fuel and air 
mixture intake passage, a check valve located between 
said pressure chamber and said intake passage for allow 
ing said mixture to ?ow only towards said pressure 
chamber, an intake valve located between said pressure 
chamber and said combustion chamber, a compression 
ratio control mechanism comprising: 
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7. The internal combustion engine of claim 6 wherein 
said hydraulic valve means is a throttle valve. 

8. The internal combustion engine of claim 6 wherein 
said hydraulic valve means is connected to and selec 
tively controlled by an accelerator control pedal and 5 
wherein an accelerator spring is connected between 
said accelerator control pedal and said hydraulic valve 
means. 

9. The internal combustion engine of claim 8 further 

5 

20 

an axially slidable cam mounted to the engine and 
adapted for rotational movement, said cam driven 
in timed relation by the engine; 

said cam having a lifting surface of increasing dura 
tion axially from one end of said cam to the other 
end of said cam, said lifting surface starting at sub 
stantially the same point in time axially from one 

-‘ end of said cam to the other end of said cam as said 
cam rotates; 

a cam follower mechanism engaging said cam and 
coupled to said intake valve whereby said intake 
valve is opened by said lifting surface; and 

axial shifting means for selectively axially shifting 
said cam, said intake valve being opened during the 
intake stroke of said piston and selectively closed at 
a point during the compression stroke of said piston 
depending on the axial position of said cam, said 
intake valve being retained closed until the subse 
quent intake stroke, whereby said pressure cham 
ber is pressurized during the compression stroke 
after the bottom dead center piston position and 
before the closing of said intake valve, and said 
compression ratio in said combustion chamber is 
controlled by the point of closing said intake valve 
by axially shifting said cam; 

wherein said axial shifting means includes: 
a hydraulic piston and cylinder assembly connected 

to said camshaft for causing said axial motion of 
said camshaft, said hydraulic piston and cylinder 
assembly actuated by a hydraulic pressure supply; 

spring means for causing axial motion of said cam 
shaft in the opposite direction as that caused by said 
hydraulic piston and cylinder assembly; 

hydraulic valve means connected between said hy 
draulic pressure supply and said hydraulic piston 
and cylinder assembly, said hydraulic valve means 
connected to and selectively controlled by an ac 
celerator control pedal for controlling the hdy 
raulic pressure in said hydraulic piston and cylin 
der assembly and controlling the axial position of 
said cam. 

11. The compression ratio control mechanism of 
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claim 10 wherein said cam follower mechanism includes 
a roller engaging said cam and a push rod adapted for 

14 
axial motion and pivotally connected to said roller at 
one end thereof and coupled to said intake valve at the 
other end thereof. 

12. The compression ratio control mechanism of 
claim 10 wherein said axial shifting means includes: 

a hydraulic piston and cylinder assembly connected 
to said camshaft for causing said axial motion of 
said camshaft, said hydraulic piston and cylinder 
assembly actuated by a hydraulic pressure supply; 

spring means for causing axial motion of said cam 
shaft in the opposite direction as that caused by said 
hydraulic piston and cylinder assembly; 

hydraulic valve means connected between said hy 
draulic pressure supply and said hydraulic piston 
and cylinder assembly, said hydraulic valve means 
connected to and selectively controlled by an ac 
celerator control pedal for controlling the hydrau 
lic pressure in said hydraulic piston and cylinder 
assembly and controlling the axial position of said 
cam. 

13. The compression ratio control mechanism of 
claim 12 wherein said hydraulic valve means is a vari 
able resistance valve. 

14. The compression ratio control mechanism of 
claim 12 wherein said connection between said hydrau 
lic valve means and said accelerator control pedal in 
cludes an accelerator spring connected between said 
accelerator pedal and said hydraulic valve means. 

15. The compression ratio control mechanism of 
claim 14 further comprising a dashpot connected be 
tween said accelerator spring and said hydraulic valve 
means whereby a time delay is provided between the 
movement of said accelerator pedal and the opening of 
said hyrdaulic valve means. 

16. An internal combustion engine comprising: 
a combustion chamber, said chamber having a pair of 

pistons disposed therein; 
a pressure chamber; 
?rst valve means for providing selective communica 

tion between said pressure chamber and said com 
bustion chamber; 

second valve means for providing selective commu 
nication between said pressure chamber and a fuel 
and air mixture supply; 

engine throttle linkage; and 
compression ratio control means connected to said 

?rst valve means for opening said valve means 
during the intake stroke of said piston and closing 
said first valve means at selected points during the 
compression stroke of said piston and retaining said 
?rst valve means closed until the subsequent intake 
stroke, said compression ratio control means being 
connected to and controlled by said throttle link 
age, whereby the compression ratio of said engine 
is variably controlled as a function of the point of 
the compression stroke at which the throttle link 
age closes said ?rst valve means through the action 
of said compression ratio control means. 

17. The engine of claim 16 wherein said throttle link 
age includes an accelerator pedal mechanism, and said 
compression ratio control means is connected to said 
accelerator pedal mechanism. 

18. An internal combustion engine comprising: 
a combustion chamber having a piston disposed 

therein; 
a pressure chamber; 
?rst valve means for providing selective communica 

tion between said pressure chamber and said com 
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bustion chamber; second valve means for provid 
ing selective communication between said pressure 
chamber and a fuel and air mixture supply; 

16 
said throttle linkage includes an accelerator pedal 
mechanism, and said compression ratio control 
means is connected to said accelerator pedal mech 

engine throttle linkage; and 
compression ratio control means connected to said 5 

?rst valve means for opening said valve means 
during the intake stroke of said piston and closing 
said ?rst valve means at selected points during the 
compression stroke of said piston and retaining said 
?rst valve means closed until the subsequent intake 10 
stroke, said compression ratio control means being 
connected to and controlled by said throttle link 
age, whereby the compression ratio of said engine 
is variably controlled as a function of the point of 
the compression stroke at which the throttle link- 15 
age closes said ?rst valve means through the action 
of said compression ratio control means; wherein 

anism, 
and including means connected between said pedal 
and said compression ratio control means to pro 
vide a time delay between the movement of the 
accelerator pedal and the activation of the com 
pression ratio control means. 

19. The engine of claim 1 wherein the pistons are in 
opposed relation to each other. 

20. The engine of claim 10 wherein the pistons are in 
opposed relation to each other. 

21. The engine of claim 16 wherein said pistons are in 
opposed relation to each other. 

* ll * * * 
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